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Radioprotection  of  Mice  with  lnterleukin-1 :  Relationship  to  the  Number  of 
Erythroid  and  Granulocyte-Macrophage  Colony-Forming  Cells1 
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Schwartz,  G.  N.,  Patchen,  M.  L„  Neta,  R.,  and  Mac- 
Vittie,  T.  J.  Radioprotection  of  Mice  with  Interleukin- 1: 
Relationship  lo  Tie  Number  of  Erythroid  and  Granulocyte- 
Macrophage  Colony-Forming  Cells.  Radiat.  Res.  121,  220- 
226(1990). 

This  report  presents  the  results  of  an  investigation  of  changes 
in  the  number  of  erythroid  and  granulocyte-macrophage  colony- 
forming  cells  (GM-CFC)  that  had  occurred  in  tissues  of  normal 
B6D2F1  mice  20  h  after  administration  of  a  radioprotective 
dose  ( 1 50  ng)  of  human  recombinant  interleukin- 1  (rlL  1 ).  Neu¬ 
trophilia  in  the  peripheral  blood  and  changes  in  the  tissue  distri¬ 
bution  of  GM-CFC  demonstrated  that  cells  were  mobilized 
from  the  bone  marrow  in  response  to  rl  L- 1  injection.  For  exam- 
pit  20  h  after  rIL-1  injection  marrow  GM-CFC  numbers  were 
80%  of  the  numbers  in  bone  marrow  from  saline-injected  mice. 
Associated  with  this  decrease  there  was  a  twofold  increase  in 
the  number  of  peripheral  blood  and  splenic  GM-CFC.  Also,  as 
determined  by  hydroxyurea  injection,  there  was  an  increase  in 
the  number  of  GM-CFC  in  S  phase  of  the  cell  cycle  in  the  spleen, 
but  not  in  the  bone  marrow.  Data  in  this  report  suggest  that 
when  compared  to  the  spleen,  stimulation  of  granulopoiesis  af¬ 
ter  rIL-l  injection  is  delayed  in  the  bone  marrow.  Also,  the  ear¬ 
lier  recovery  of  GM-CFC  in  the  bone  marrow  of  irradiated  mice 
is  not  dependent  upon  an  increase  in  the  number  of  GM-CFC  at 
the  time  of  irradiation,  e  pnu.  Ik. 


INTRODUCTION 

An  increase  in  the  number  of  mice  surviving  lethal  doses 
of  radiation  was  observed  when  mice  had  been  adminis¬ 
tered  a  single  injection  of  recombinant  interleukin- 1  (rlL- 
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l)3  18-24  h  prior  to  their  irradiation  (/).  Also,  there  was 
an  earlier  recovery  of  hematopoietic  colony-forming  cells 
(CFC)  in  the  bone  marrow  and  spleens  from  mice  exposed 
to  sublethal  doses  of  radiation  after  rIL-1  injection  (2-6). 
The  physiological  mechanisms  promoting  the  earlier  hema¬ 
topoietic  recovery  in  mice  injected  with  rIL-1  are  not  well 
understood.  Previous  studies  demonstrated  that  the  earlier 
recovery  of  CFC  was  not  dependent  upon  an  increase  in  the 
number  of  spleen  colony-forming  units  (CFU-S)  or  in  the 
percentage  of  CFU-S  in  S  phase  of  the  cell  cycle  at  the  time 
of  irradiation  (3-5,  7). 

An  increase  in  colony-stimulating  activity  (CSA)  for 
granulocyte-macrophage  colony-forming  cells  (GM-CFC). 
erythroid  burst-forming  units  (BFU-E),  and  multipotential 
colony-forming  units  has  been  observed  in  cultures  of  fi¬ 
broblasts.  endothelial  cells,  bone  marrow  stromal  cells,  or 
fetal  liver  stromal  cell  lines  after  stimulation  with  rlL- 1  (8- 
12).  The  increased  levels  of  CSA  were  partially  due  to  an 
rIL-1  dose-dependent  increase  in  the  production  of  granu¬ 
locyte-macrophage  and  granulocyte  colony-forming  factors 
and  interleukin-6  ( 10-12).  Elevated  levels  of  CSA  for  GM- 
CFC  also  occurred  in  vivo  after  administration  of  rlL- 1  ( 13- 
14).  Several  studies  demonstrated  that  shortly  after  induc¬ 
ing  the  production  of  CSA,  rlL- 1  injection  stimulated  gran¬ 
ulopoiesis  in  the  bone  marrow  of  normal  mice  (13-16). 
Ncta  if  al.  (16)  suggested  that  the  radioprotective  effects  of 
rlL-1  injection  may  be  associated  with  an  increase  in  the 
number  of  cycling  CFC  at  the  time  of  irradiation. 

In  previous  studies  it  was  found  that  in  mice  irradiated 
after  rIL-1  injection  there  was  an  earlier  recovery  of  GM- 
CFC  in  the  bone  marrow  ( 3. 4 ).  Studies  in  the  present  report 
were  performed  to  investigate  rlL- 1 -induced  changes  in 
CFC  numbers  in  tissues  of  mice  prior  to  their  irradiation 
that  might  further  delineate  possible  mechanisms  for  the 
observed  earlier  hematopoietic  recovery.  Specifically,  the 
numbers  of  GM-CFC.  erythroid  colony-forming  units 


*  Abbreviations  used:  tlL-l.  Knmtmani  interleukin- 1 :  CFC.  colony- 
forming cells:  CFU-S.  spleen  colony-forming  uwtt:  CSA.  cofony-Uimutal- 
ing  activity.  GM-CFC.  panul^yte-macfopbagc  colony-form  mg  celts; 
BFU-E.  cry  shrewd  bunt -forming  units;  CFU-ii.  CfYthfswJ  colony-forming 
units 
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(CFU-E),  and  BFU-E  in  bone  marrow  or  spleen  were  deter¬ 
mined  in  mice  20  h  after  saline  or  rIL-i  injection.  The  de¬ 
crease  in  GM-CFC.  CFU-E.  and  BFU-E  after  hydroxyurea 
injection  was  used  to  measure  the  proportion  of  CFC  in  S 
phase  of  the  cell  cycle. 

MATERIALS  AND  METHODS 

Mice 

B6D2FI.or(C57BI/6J  x  DBA/2)FI.  female  mice  were  purchased  from 
Jackson  Laboratories  (Bar  Harbor.  ME).  Upon  arrival,  mice  were  main¬ 
tained  in  an  AAAI. AC-accredited  facility.  They  were  housed  10  per  cage 
in  plastic  microisolator  cages  on  hardwood-chip  contact  bedding,  and  were 
allowed  food  (Wayne  Rodent  Blox)  and  HO -acidified  water  (pH  2.4)  ad 
1 1  hi  lion  Animal  holding  rooms  were  maintained  at  70  ±  2*F  and  50  ±  1 0"i 
relative  humidity  using  at  least  10  air  changes  per  hour  of  100'';.  condi¬ 
tioned  fresh  air  and  exposed  to  lull-spectrum  light  from  6:00  am  to  6:00 
PM.  Upon  arrival,  mice  were  tested  for  Pseudomonas contamination  and 
quarantined  until  test  results  were  obtained.  Only  healthy  mice  were  re¬ 
leased  for  experimentation.  Twelve  to  16-week-old  mice  were  used  for 
these  studies.  Research  was  conducted  according  to  the  principles  enunci¬ 
ated  in  the  "Guide  for  the  Care  and  Lise  of  Laboratory  Animals"  prepared 
by  the  Institute  of  Laboratory  Animal  Resources.  National  Research 
Council. 

Irradiation 

Twenty  hours  after  saline  or  rIL- 1  injection,  mice  were  placed  in  venti¬ 
lated  Plexiglas  boxes  and  exposed  bilaterally  to  y  radiation  from  a  ~‘Co 
radiation  source.  In  radiation  studies,  mice  were  exposed  to  6.5.  1 .0.  or  0.5 
Ciy  total-body  irradiation  at  a  dose  rate  of  0.40  Gy/min  20  h  after  saline  or 
rll.-l  injection. 

tr cal  mem  »nli  Interleukin- 1 

Purified  human  rIL- 1  alpha,  a  generous  gift  from  Dr.  Steve  Gillis  of  Im- 
munex  (Seattle.  WA>.  was  used  in  these  studies.  The  rIL-l  was  supplied  in 
a  solution  of  phosphate-buffered  saline  at  pH  7.2  with  a  specific  activity 
of. 5  ■  HP  U  IL-I /mg  protein,  and  aliquots  were  maintained  at  —  7()*C. 
Immediately  before  use.  slock  solutions  of  rIL-l  were  diluted  with  pyro¬ 
gen-free  saline  I.McGaw).  and  150  ng/0.5  ml  was  administered  to  normal 
mice  by  intrapentoneal  (i.p.)  injection.  Mean  body  weight  of  mice  used  in 
these  studies  was  27  *  2  g  so  that  the  average  dose  of  rIL-l  was  approxi¬ 
mately  5.6  yg/kg  body  weight.  Control  animals  were  given  0.5  ml  saline  at 
the  same  time.  Endotoxin  !l.PS)  contamination  in  rIL-l  stock  solutions 
was  measured  by  the  t.tmutm  lysate  assay.  Based  on  these  results  less  than 
0.2  ng  of  EPS  was  administered  per  injection.  The  number  of  mice  surviv¬ 
ing  ->30  days  after  10.5  Gy  irradiation  was  similar  for  noninjected  mice" 
1 1/10).  saline-injected  mice  (l/IOt.  and  mice  injected  with  150  ng  heat- 
inaetisated  rll.-l  ( 1/10).  Also,  data  in  an  earlier  report  demonstrated  that 
I  50  ng  rll.-l  from  the  same  stin  k  solutions  as  used  in  the  present  studies 
increased  the  number  of  B6D2IT  mice  that  survived  after  10.5-Gv  irradia¬ 
tion  from  7  -  I.V'.'  to  85  t  7'.'  »4). 

Preparation  ol  C  all  Suspensions 

Peripheral  blood  for  cell  differential  determinations  was  obtained  from 
the  orbital  sinus  of  nonanestheti/ed  mice  using  a  75-yl  heparinized  micro- 
hematocrit  capillary  tube  (Cunin  Matheson).  Smears  were  made  and 
stained  for  dillerential  determinations  with  llema  3  (Curtin  Matheson), 
and  200  cells  per  mouse  were  counted.  Different  mice  were  used  for  each 
time  point. 

Mice  were  sacrificed  by  cervical  dislocation,  and  the  femurs  and  spleens 
were  excised.  Cells  were  Hushed  from  the  tissues  with  Hanks'  balanced  salt 


solution  (HBSS)  fGIBCO)  and  dispersed  through  a  25-gauge  needle  until 
a  single  cell  suspension  was  obtained.  All  cell  concentrations  were  deter¬ 
mined  by  hemacytometer  counts.  When  olood  was  collected  for  colony¬ 
forming  assays,  mice  were  anesthetized  with  ether,  and  blood  was  obtained 
from  the  vena  cava  with  an  1 8-gauge  needle  attached  to  I  ml  heparinized 
syringe.  The  blood  was  diluted  with  an  equal  volume  of  HBSS  and  layered 
over  Lympholyte-M  (Cedarlanc  Labs)  a  Ficol-Hypaque  solution  with  a 
density  of  1 .09  g/cm3  to  remove  red  blood  cells  and  granulocytes  (17).  Cells 
at  the  interface  were  removed,  washed  two  times  with  HBSS.  and  counted. 

Assay  for  Uranulocyte-MaerophageColony-Fonnini;  Cells 

The  GM-CFC  were  assayed  using  the  double-layer  agar  technique  basi¬ 
cally  as  described  by  Hagan  et  at.  ( lii).  The  culture  medium  was  double 
strength  CMRL- 1 066  culture  medium  (Connaught  Medical  Research  Lab¬ 
oratory)  containing  105k  (v/v)  fetal  calf  serum.  5%  (v/v)  horse  serum.  5*7 
ifyplicase  soy  broth.  0.02  g/ml  L-asparaginc.  and  penicillin-streptomycin. 
In  the  bottom  layer  of  35-mm  plastic  petri  dishes  was  I  ml  of  a  1:1  mixture 
of  culture  medium  and  UFfagarlBactoagar.  Difco)  containing  lOTlv/v) 
L-929  cell-conditioned  medium  as  a  source  of  colony-stimulating  activity. 
The  top  layer  contained  I  ml  of  a  1:1  mixture  of  culture  medium  and 
0.66'';  agar  containing  5  x  I  ()J  bone  marrow  cells.  I  x  HF  separated  blood 
cells,  or  I  x  10'’  spleen  cells  for  assay.  Cultures  were  incubated  at  37*C  in 
5rf  humidified  CO-  in  air.  After  It)  days  of  culture  colonies  greater  than  50 
cells  were  scored  as  GM-CFC. 

Assays  lor  Krythroid  Colony-Forming  Cells 

Determinations  of  CFU-E  and  BFU-E  were  made  using  a  plasma  clot 
culture  system  basically  as  described  by  Weinberg  el  al.  ( 1 9).  Iscove’s  modi¬ 
fied  Dulbecco's  medium  (GIBCO)  was  substituted  for  «  medium.  Cells 
were  plated  with  0.25  U/ml  (for  CFU-E)  or  3.0  U/ml  (for  BFU-E)  anemic 
sheep  plasma,  step  III  erylhropoietin  (Connaught  Labs.  Inc..  Lot  No.  3092- 
2)  as  0.4-ml  plasma  clots  in  4-well  Nunclone  cuiture  dishes  (Nunc).  Cul¬ 
tures  of  CFU-E  and  BFU-E  were  placed  into  a  humidified  37’C  incubator 
with  5%  CO:  for  2.5  and  8  days,  respectively.  Cultures  were  then  harvested, 
fixed  with  5%  glutaraldehvdc.  stained  with  benzidine,  and  evaluated  as  de¬ 
scribed  by  McLeod  ei  al  (20). 

Determination  of  Colony-Forming  Cells  in  S  Phase  of  ilie  Cell  Cycle 

The  percentage  of  CFC  in  S  phase  of  the  cell  cycle  was  determined  basi¬ 
cally  as  described  by  Rickard  et  al.  (21).  Mice  were  administered  9()0  mg. 
kg  body  wt  hydroxyurea  (Sigma)  in  Dulbecco's  PBS  (GIBCO)  by  i.p.  injec¬ 
tion.  Control  groups  of  mice  w  -  administered  DPBS  without  hydroxy¬ 
urea  at  the  same  time.  Two  and  a  half  to  3  h  later,  tissues  were  assayed  for 
surviving  CFC.  T'ne  number  of  CFC  in  tissues  from  hydroxyurea  injected 
mice  was  compared  to  the  number  in  tissues  from  DPBS-injected  mice, 
and  the  percentage  decrease  in  CFC  after  hyroxyurca  injection  was  calcu¬ 
lated  as  the  percentage  of  CFC  that  were  in  S  phase  of  the  cell  cycle. 

Statistics 

The  two-tailed  Student’s  t  test  was  used  to  test  for  significant  difference's 
in  cellularity  and  CFC  per  tissue  between  groups  of  mice. 

RESULTS 

/:'//('<•(  of  r  IL-I  on  Recovery  of Colony- Fanning  Cells 
(tiler  Irradiation 

Two  days  after  exposure  to  0.5-  or  I  .O-Gy  doses  of  radia¬ 
tion.  rIL- 1  -injected  mice  had  more  BFU-E/femur  and 
CFU-E/lcmur  and  spleen  than  salinc-injected  mice  (Table 
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TABLi.  I 


Recovery  of  Erythroid  Colony-Forming  Cells  from  Tissues  of 
Saline  or  rIL-1  -Injected  Mice  2  Days  after  Irradiation" 


Recovery  after  0.5-Gy 

Recovery  after  1.0-Gy 

injeetion 

injection 

Assay'’ 

Saline  rlL-1 

Saline  rlL-1 

No./femur 


CFU-ElxIOV 

1.1  ±0.5 

1.3  ±0.2 

1.2  ±0.1 

1.2 

±0.1 

BFU-E(xl0:V 

1.3  ±0.0 

3.6  ±  0.8 

0  ±0 

0.7 

±0.3 

No./spleen 
CFU-E(x  10J)’ 

1.4  ±0.4 

6.5  ±  1.0 

0.8  ±0.2 

4.7 

±0.6 

BFU-E' 

0  ±0 

0  ±0 

0  ±0 

0 

±0 

J  Female  B6D2FI  mice  1 16  weeks  old)  were  administered  0.5  ml  saline 
or  150  ng  rIL-1  by  i.p.  injeetion  20  h  prior  to  their  exposure  to  0.5  or  1.0 
Gy  w’Co  radiation. 

*  Cells  were  pooled  from  both  lemurs  and  the  spleens  of  twe  mice  per 
group. 

'  Mean  number  ±  SD  of  two  plasma  elots  each. 

1).  When  compared  to  the  number  of  GM-CFC/femur  for 
nonirradiated  control  mice,  the  percentage  of  GM-CFC 
surviving  24  h  after  6.5-Gy  radiation  was  1.0  ±  0.3%  for 
saline-injected  mice  and  l  .2  ±  0.6%  for  rIL-  l-injected  mice 
(m  =  two  studies).  However,  previous  studies  demonstrated 
that  4  and  8  days  after  exposure  of  mice  to  6.5  Gy  radiation, 
the  number  of  GM-CFC  in  the  bone  marrow  of  rIL- 1  -in¬ 
jected  mice  was  approximately  l  .7  greater  than  the  number 
in  the  bone  marrow  from  saline-injected  mice  (4).  These 
studies  demonstrate  that  administration  of  rIL- 1  to  mice  20 


h  pi  ior  to  their  irradiation  induced  an  earlier  recovery  of 
CFC.  The  following  studies  were  performed  to  compare  tis¬ 
sue  ceilularity  and  CFC  content  in  saline-injected  mice  and 
rIL- 1  -injected  mice  prior  to  their  irradiation. 

Changes  in  Peripheral  Blood  Ceilularity 

after  r I L- 1  Injection 

The  number  of  nucleated  cells/mm3  whole  blood  was 
similar  for  noninjected  mice  (10,423  ±  28 1 5  for  13  mice) 
and  for  mice  2, 6,  24.  and  48  h  after  saline  injection  (8420 
±2618  for  15  mice)orr!L-l  injection  (9 143  ±  1775  for  14 
mice).  However,  compared  to  noninjected  mice,  a  signifi¬ 
cant  neutrophilia  (Fig.  1)  and  lymphopenia  (Fig.  2)  were 
observed  within  2  h  after  saline  or  rIL-1  injection.  The  per¬ 
centage  of  neutrophils  had  increased  to  almost  80%  of  the 
nucleated  cells  in  the  blood  with  a  significant  increase  in 
nonsegmented  neutrophils  from  12  ±  5%  in  saline-injected 
mice  to  56  ±  15%  in  rIL- l-injected  mice.  By  6  h,  the  levels 
of  more  immature  neutrophils  had  returned  to  normal  val¬ 
ues.  but  a  twofold  increase  in  the  more  mature  segmented 
cells  was  still  evident  48  h  after  rIL- 1  injection.  These  results 
demonstrate  that  soon  after  injection  of  a  radioprotective 
dose  of  rIL-1 .  mature  and  immature  neutrophils  were  mo¬ 
bilized  from  the  bone  marrow  to  the  blood. 

Effect  of  rIL -  /  Injection  on  the  Number  of  GM-CFC 

Twenty  hours  after  saline  or  rIL- 1  injection,  there  was  no 
significant  difference  in  splenic  ceilularity  from  saline  and 
rIL- 1 -injected  mice  (Table  II).  However,  total  ceilularity  per 


Time  After  Injection  (hours) 

HCi  I  f  ft«i  of  tit  •  I  mjevinwi  on  nev u-^>h\h  <n  peripheral  Mood  Swrkated  eel)  number  and  cell  di&icntuU  «ere  mewured  m  rettpfccral  NotxJ 
ftvm  mm  »  time*  after  mixtion  of  I  <o  rlt  -I  <*  Q  ?  ml  pvro^enfree  valine  Value*  repirevnl  the  mean  t  SO  of  number*  .torn  three  w  S*c 
mm  ik  -  t«o  vtudrexl  Separate  mm  «ete  uwd  at  each  time  potw  The  number  of  oeutroptulvmm’  him*}  from  notuoacvtfd  twee  1625  S  STS 
i«-  to»  *•!  valme infcettoa.  ( 'wit  -I  uMextton.  (  k tmeetum 
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FIG.  2.  Effect  of  rlL-l  injection  on  lymphocytes  in  peripheral  blood.  Nucleated  cell  number  and  cell  differentials  were  determined  in  peripheral 
blood  from  mice  various  times  after  injection  of  1 50  ng  rIL- 1  or  0.5  ml  pyrogen-free  saline.  Values  represent  the  mean  ±  SD  of  number  from  three  to 
five  mice  Oi  =  two  studies).  Separate  mice  were  used  at  each  time  point,  and  the  values  were  determined  from  the  same  samples  represented  in  Fig.  1. 
Ly  mphoeytes/mm 1  blood  from  noninjeeted  mice  were  7870 1. 1 705  (n  =  10).  (•)  saline  injection;  (O)  rIL- 1  injection;  (\)  no  injection. 


femur  of  rIL- 1 -injected  mice  was  approximately  79%  of 
bone  marrow  cellularity  from  saline-injected  mice.  Similar 
to  the  decrease  in  marrow  cellularity.  there  were  approxi¬ 
mately  20%  fewer  GM-CFC  per  femur  of  mice  20  h  after 
rlL-l  injection  (Table  II).  Associated  with  the  reduction  in 
the  number  of  marrow  GM-CFC  from  rIL- 1  -injected  mice, 
there  was  an  increased  number  of  GM-CFC  in  the  blood 
and  spleen.  In  both  blood  and  spleen,  the  number  of  GM- 
CFC  was  approximately  twofold  greate'  than  the  number 
in  these  tissues  from  saline-injected  mice.  These  data  sug¬ 
gest  that,  in  addition  to  neutrophils,  rIL-l  injection  induced 
the  mobilisation  of  GM-CFC  from  the  bone  marrow. 

SenutivttyoHiranuUHyte'.UacrophaxeColmy'FormiHii 

Celts  t<>  Hydroxyurea 

The  decrease  in  the  number  of  GM-CFC  after  hydroxyurea 
injection  was  used  to  determine  the  percentage  of  GM-CFC 
in  S  pluse  of  the  cell  cycle  20  h  after  saline  or  rlL-l  injection. 
The  percentage  decrease  in  the  number  of  GM-CFC  in  the 
hone  marrow-  and  spleen  was  similar  iP  >  0.05)  for  saline- 
injected  mice  and  rlt.-l-injected  mice  (Table  HI).  Due  to  the 
increase  in  total  number  of  GM-CFC  per  spleen  induced  by 
rIL-l  injection,  this,  represented  an  increase  from  0.3  it  0.) 

(  *  10’)  GMOVApleen  from  sahne-injeeted  mice  to  0.7 
f.  0.04  ( -x  |  O’)  GM-CFCT spken  from  rIL- 1  injected  mice  in  S 
phase  of  the  cell  cycle  However,  there  was  not  a  similar  in¬ 
crease  in  the  number  of  GM-CFC  in  S  phase  of  the  cell  cycle  in 
the  hone  marrow  of  rIL- 1  -injected  mice.  These  results  suggest 
that,  compared  to  the  spleen,  stimulation  of  granulopoiesis  af¬ 
ter  rIL-l  injection  was  delayed  in  the  hone  marrow. 


Effect  ofrIL -  /  Injection  on  Number  of  CFU-E  and  BFU-E 

Twenty  hours  after  rlL-l  injection,  the  number  of  CFU- 
E  per  femur  was  reduced  to  69  ±  8%  (n  =  7)  of  the  number 
in  bone  marrow  from  saline-injected  mice.  The  number  of 
CFU-E  per  spleen  from  rlL-l-injected  mice  was  10 1  +  35% 
(n  =  4)  of  the  number  from  saline-injected  mice.  The  num¬ 
ber  of  BFU-E  per  femur  was  similar  (P  =  0.5)  for  nonin- 
jeeted  mice  [  1 .3  ±  0.6  (x  |0J)n  =  9  studies],  mice  20  h  after 
saline  injection  ( 1 .3  ±  0.4  (x  HF)  n  =  6  studies),  and  mice 
20  h  after  rIL-l  injection  [I  I  1 0.3  (x |0J)  n  3  6  studies). 
A  decrease  in  the  percentage  of  CFU-E  in  S  phase  of  the  ceil 
cycle  was  observed  in  bone  marrow  of  mice  20  h  after  saline 
injection  (Table  IF).  There  was  no  significant  difference  in 
the  percentage  of  BFU-E  in  S  phase  of  the  cell  cyele  for  sa¬ 
line  or  rIL- 1 -injected  mice.  These  results  demonstrate  that 
rlt  I  injection  did  not  induce  an  increase  in  the  number  of 
CFU-E  or  BFU-E  r  Son.'  marrow  of  mice  prior  to  their 

irradiation. 

DISCUSSION 

Data  in  the  present  report  confirm  that,  similar  to  previ¬ 
ous  studies  with  C57BI/6J  and  B6D2FI  mice.  rli>*l  injec¬ 
tion  induced  an  earlier  hematopoietic  recovery  in  mice  after 
their  exposure  to  subtetha)  doses  of  radiation  (J-4).  Also, 
in  nonirradiated  mice,  marrow  CFU-E  levels  20-24  h  after 
rlL-l  injection  were  decreased  without  an  apparent  com¬ 
pensatory  increase  in  the  spleen  (3).  Results  in  the  present 
report  further  demonstrate  that  injection  of  a  radioprotec¬ 
tive  dose  (150  ng)  of  rIL-l  induced  changes  in  the  tissue 


224 


SCHWARTZ  ET  AL. 


TABLE  tl 

Cellularity  and  Number  of  GM-CFC  in  Tissues  of  Mice  20  h 
after  Saline  or  rIL-1  Injection0 


Treatment 


No./tissue'' 

Saline 
injection 
( nV 

rIL-1 

injection 

(«)• 

%  rlt-1/ 
saline'' 

Cellularity 

No./femur  lx  10’) 

1.4  t  0.2  (10) 

1.1  £ 0. i  (II)-' 

79  t  il 

No./splcen  I  x  10*) 

1.3  ±0.2(9) 

1.2  ±0.2(10) 

95  £  16 

GM-CFC' 

No./femur  (xlO4) 

1.6  £  0.5(10) 

1.2  ±0.4(1  or 

-4 

-J 

It 

l-r 

No./splcen  ( v  10') 

0.5  ±0.3(8) 

1.3  ±0.3  (8r 

231  £  74 

No./ 10"  blood 

14  ±5  (2) 

33  ±7  (3F 

252  ±  163 

J  Female  B6D2F1  mice  (12-15  weeks  old)  were  administered  0.5  ml 
saline  or  150  ng  rlL-t  by  i.p.  injection  20  h  before  assay. 

*  Cells  were  pooled  from  both  femurs  and  the  spleens  of  three  mice  per 
group  in  each  study. 

'  Number  of  studies. 

J  Mean  ±  SD  calculated  from  the  percentage  of  the  number  from  riL- 
I  -injected  mice/saline-injccted  mice  of  individual  studies. 

Significantly  dillerent  from  saline-injected  mice  at  f  <  0.05. 

'  Values  represent  the  mean  £  SD  of  mean  values  from  three  plates  per 
group. 

distribution  of  mature  hematopoietic  cells  and  GM-CFC. 
Neutrophilia  and  a  lymphopenia  were  observed  within  2  h 
after  rIL-l  injection.  After  24  h.  peripheral  blood  values 
were  returning  to  normal.  Twenty  hours  after  rIL-1  injec¬ 
tion.  bone  marrow  GM-CFC  content  was  77%  of  values 
from  saline-injected  mice.  Also,  there  was  approximately  a 
twofold  increase  in  the  number  of  GM-CFC  in  the  blood 
and  spleens  from  rtl-l -injected  mice.  An  increase  in  the 
number  of  GM-CFC  in  S  phase  of  the  cell  cycle  as  deter¬ 
mined  by  in  \i\o  hydroxyurea  treatment  was  observed  in 
the  spleen,  but  not  in  the  bone  marrow  of  mice  20  h  after 
rlt.-l  injection. 

Stork  ft  o/  (/J)  observed  a  twofold  increase  in  the  white 
blood  cell  count  in  mice  h  after  HL-i  injection.  This  in¬ 
crease  was  associated  with  an  increase  in  the  number  of 
neutrophils.  Similarly,  in  the  present  report,  neutrophil 
counts  in  the  Wood  were  increased  in  mice  after  rIL- 1  injec¬ 
tion.  However,  there  was  no  increase  in  total  white  blood 
cells  due  to  a  comparable  decrease  in  the  number  of  lym¬ 
phocytes.  A  lymphopenia  lias  also  been  observed  in  rats  af¬ 
ter  rIL-1  injection  (22). 

Others  demonstrated  that  there  was  a  comparable  de¬ 
crease  of  neutrophils  »n  the  hone  marrow  associated  with 
the  increase  in  the  number  of  neutrophils  in  the  Wood  after 
rll.-l  or  endotoxin  injection  (22-2  Ji.  Data  in  the  present 
report  ana  in  an  earlier  report  (J!  demonstrated  that  rlL-l 
injection  induced  a  decrease  in  hone  marrow  cellularity. 
Neta  a  ai  ( 16)  observed  a  25%  increase  in  the  proportion 
of  large  or  blast  cells  in  the  bone  marrow  of  mice  20  h  after 


injection  of  a  radioprotective  dose  of  rlL-l.  Metcalf  and 
Wilson  (24 )  reported  a  similar  increase  in  the  proportion  of 
large  cells  such  as  blasts  and  myelocytes  in  the  bone  marrow 
of  mice  after  endotoxin  injection.  In  their  studies,  this  was 
consistent  with  the  capacity  of  endotoxin  to  induce  mobili¬ 
zation  of  more  mature  granulocytes  from  the  bone  mar¬ 
row  (24). 

In  the  present  studies  there  was  a  reduction  in  the  number 
of  GM-CFC  associated  with  the  decrease  in  marrow  cellu¬ 
larity  observed  in  mice  20  h  after  rIL-1  injection.  Castelli  et 
ai  ( 15)  also  observed  a  decrease  in  the  number  of  GM-CFC 
in  the  bone  marrow  of  mice  after  rIL-1  injection.  In  those 
studies,  6  h  after  intravenous  administration  of  0.5  jig/kg 
body  weight,  the  number  of  GM-CFC  per  femur  had  de¬ 
creased  to  50%  of  normal  values.  By  24  h,  the  number  of 
marrow  GM-CFC  was  still  only  75%  of  normal  values.  In 
the  present  studies  and  those  by  Castelli  et  ai  ( 15)  there  was 
an  increase  in  GM-CFC  in  blood  and  spleen  associated  with 
the  decreased  numbers  in  the  bone  marrow.  Castelli  et  ai 
( 15)  also  observed  an  early  return  of  GM-CFC  levels  in  pe¬ 
ripheral  blood  to  normal.  These  studies  suggest  that  in  addi¬ 
tion  to  neutrophils  a  radioprotective  dose  of  riL- 1  induced 
mobilization  of  GM-CFC  from  the  bone  marrow  that  was 
still  evident  20  h  after  injection. 

Earlier  studies  suggested  that  the  decrease  in  marrow 
GM-CFC  content  after  endotoxin  injection  is  the  result  of 
mobilization  ofGM-CFC  from  the  bone  marrow  into  circu¬ 
lation,  as  well  as  differentiation  of  GM-CFC  to  replace  the 
decrease  in  bone  marrow  neutrophils  (25.  26).  Several  re¬ 
ports  demonstrated  that  it  is  primarily  a  noncycling  popula¬ 
tion  of  GM-CFC  that  is  mobilized  from  the  bone  marTow 

TABLE  III 


Decrease  in  the  Percentage  of  Colony-Forming  Cells  after 
Administration  of  Hydroxyurea  to  Mice  20  h  alter  Saline  or 
rlL-l  Injection 


Away* 

Treatment" 

Saline  injection  til  - 1  injection 

i*y  tm* 

Decrease  after  hydroxyurea' 

GM-CFC/lemur 

4)  5  1314) 

47  £  14(4) 

tiM-Ct'C /spleen 

41  £  14)3) 

56  »  16 III 

CrV-F/temuf 

76  f  17(4) 

44  *  15(5)- 

UlT'-F/femur 

46  ?  1313) 

29?  SI 3) 

*  Female  86D2F  I  mice  112-16  week*  old)  were  admmuiered  O  5  ml 
valine  or  1 50  ng  fit- 1  hyt.j*  tnicctwn 

*  Ccttv  were  pooled  from  both  femuiv  and  the  vptceoj.  of  ttuec  mice  per 
poup  m  each  study. 

'  Number  of  studte* 

4  Mkc  were  administered  DPHS  or  900  mg  hydmvytirca/lg  N*t> 
weight  20  h  after  valine  or  rtl-l  injection,  and  2.5-5  h  later  animate  were 
euthamred  for  away. 

'  Significantly  different  from  vaime-tnjevtod  mice  ( P  <  0  051 
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after  endotoxin  or  dextran  injection  or  extended  leukophe- 
resis  {27-29).  Thus  an  increase  in  the  percentage  of  GM- 
CFC  in  S  phase  of  the  ceil  cycle  would  be  expected.  How¬ 
ever.  in  three  studies  of  the  present  report,  as  determined  by 
the  number  of  GM-CFC  surviving  after  hydroxyurea  treat¬ 
ment.  there  was  no  significant  increase  in  the  percentage  of 
marrow  GM-CFC  in  S  phase  of  the  cell  cycle.  These  studies 
suggest  that  the  decrease  in  GM-CFC  in  bone  marrow  was 
a  result  of  rIL- 1  injection  inducing  an  early  mobilization  of 
GM-CFC  from  the  bone  marrow  and  a  differentiation  of 
GM-CFC  to  replace  the  decreased  marrow  neutrophil 
levels. 

Studies  in  the  present  report  demonstrated  that  the  earlier 
recovery  of  GM-CFC  in  the  marrow  of  mice  irradiated  20 
h  after  rIL- 1  injection  was  not  dependent  upon  an  increase 
in  GM-CFC  in  the  marrow  or  stimulation  of  granulopoiesis 
at  the  time  of  irradiation.  However,  other  studies  demon¬ 
strated  that  rIL-1  stimulates  granulopoiesis  in  nonirradi- 
atcd  mice.  For  example,  in  studies  in  which  the  number 
of  GM-CFC  in  the  marrow  from  rIL- 1 -injected  mice  had 
returned  to  values  found  in  saline-injected  mice,  there  was 
an  increase  in  percentage  of  GM-CFC  in  S  phase  of  the  cell 
cycle  ( J).  Also,  others  demonstrated  that  marrow  GM-CFC 
content  increased  1.5-  to  2.5-fold  above  normal  values 
within  48-72  h  after  rIL- 1  injection  ( 13.  15).  In  preliminary 
studies.  3-5  days  after  injection  of  150  ng  rIL-1  (Hoffman 
La  Roche)  numbers  of  GM-CFC  in  the  bone  marrow  were 
2.0  ±  0.7  times  greater  (n  =  3  studies)  than  in  marrow  from 
saline-injected  mice  (data  not  shown).  Thus  an  increase  in 
marrow  GM-CFC  content  occurred  after  the  optimal  time 
for  radioprotection.  In  a  previous  report  (.?)  and  studies  by 
Stork  »•/  at  (13),  GM-CFC  content  of  the  marrow  was  sim¬ 
ilar  for  mice  24  h  after  saline  or  IL-l  injection.  Differences 
in  dose  of  rIL-l  administered  per  kilogram  body  weight, 
timing  of  assays,  batch  of  rU.-l.  and  mouse  strain  are  possi¬ 
ble  reasons  for  variations  in  bone  marrow  GM-CFC  con¬ 
tent,  Other  studies  demonstrated  that  the  amplitude  and 
tin'.’v  of  it-  5  -induced  changes  in  the  eellularity  of  periph¬ 
eral  blood  and  bone  marrow  in  mice  and  rats  were  depen¬ 
dent  upon  the  source  and  dose  of  IL-l  (6.  13.  15.  22). 

Previous  reports  demonstrated  that  the  serum  CSA  lev- 
els.  which  increased  after  rlL*t  injection,  returned  to  nor¬ 
mal  within  24  h  ( 13.  N).  Studies  by  Francis  <n  <tl  (2S\  also 
demonstrated  that  human  Wood  CSA  levels  did  not  corre¬ 
late  with  granulopoietic  activity  tn  vivo  However,  their 
studies  suggested  that  CSA  produced  by  bone  marrow  cells 
regulated  marrow  granulopoiesis  (2.S)  Interleukin- 1  has 
been  shown  to  induce  the  production  of  CSA  and  CSF  from 
a  variety  of  cell  types  that  include  cells  derived  from  bone 
marrow  ( S-12 ).  Also  earlier  reports  demonstrated  that  the 
radtosensiiivity  of  GM-CFC  could  be  decreased  by  an  in¬ 
creasing  CSA  concentration  or  by  changing  the  source  of 
CSA  1 29  and  .*0).  Thus  one  possible  mechanism  for  the  ear¬ 
lier  tccovery  of  GM-CFC  in  tissues  of  mice  irradiated  after 


rIL-1  injection  is  the  production  of  hematopoietic  growth 
and  synergistic  factors  from  cells  that  are  part  of  the  hema¬ 
topoietic  microenvironment. 
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